Objectives This study aimed to determine the effect of a moderate, tailored exercise program on health-related quality of life, physical function, and arm volume in women receiving treatment for nonmetastatic breast cancer.
Introduction
Improvements in early detection and treatment of breast cancer have led to a considerable number of survivors [1] . Long-term maintenance of overall health, function, and health-related quality of life (HRQL) of these women, therefore, is a major concern, since treatment of breast cancer can result in significant and long-term physical and psychological distress [2, 3] . An important goal in survivorship care is to preempt declines in function that occur during treatment. Physical activity and exercise are broad-spectrum interventions that enhance role functioning, physical well-being, and emotional health through improved physical fitness and vitality [4] [5] [6] [7] [8] . Although it is known that regular exercise and physical activity can improve health-related quality of life outcomes [3, [9] [10] [11] [12] [13] , relatively few studies have examined both potential benefits and risks from initiation of exercise regimens shortly after surgery and chemotherapy. There is a longstanding, counterveilling, concern that exercise may have an adverse effect on lymphedema risk which may develop as a progressive and generally irreversible complication of treatment. Recent scientific evidence has indicated that weight training exercises do not appear to increase lymphedema risk under structured conditions [14] and that initiation of a graduated strength training program may improve signs or symptoms associated with preexisting breast cancer-related lymphedema [15] . However, the evidence on the benefits and risks of early exercise following breast cancer surgery derived from randomizedcontrolled studies spans only a few studies and experimental conditions [14] . We tested the potential benefits and safety of a general exercise and strength training regimen that were designed to minimize the development of lymphedema or arm swelling on HRQL, physical function, and arm volume (the RESTORE study).
Methods
Study design and recruitment RESTORE was a randomized, controlled, single-blind study of 104 adult women with newly diagnosed stage I-III female breast cancer. Participants were recruited by study staff during their first postoperative visit or by their oncologist during their medical oncology visit, given information about the study, and scheduled for a screening visit to verify eligibility. Eligibility criteria included: (1) having a diagnosis of TNM stage I-III breast cancer with axillary or sentinel lymph node dissection, (2) no previous history of breast cancer, (3) ≥18 years of age, (4) living within 30 mi of the study site to ensure reasonably convenient access to weekly sessions, and (5) able to participate in a moderate exercise program.
Those who were excluded were women for whom the safety of physical exercise would be uncertain or contraindicated: including those who were homebound, dependent upon a walker or wheelchair for mobility, diagnosed or suspected dementia, peripheral artery disease, or unstable angina; had clinically documented cardiac conduction disturbances; or any chronic disease which significantly reduces survival during the study period. In addition, women were excluded if they had been diagnosed with lymphedema by their physician either prior to testing or after reassessment by the physician when noted to have a 200-ml difference in cylindrical water displacement between arms or preoperative versus postoperative during baseline testing. There were no exclusions based upon surgery or level of lymph node involvement.
RESTORE was approved and monitored by the Wake Forest University School of Medicine Institutional Review Board and an informed consent was obtained at the first study visit. Randomization was performed after the obtaining consent and all baseline testing by electronically accessing a randomization database from the study coordinator's computer. Eligible participants were randomized to either a comprehensive program consisting of tailored exercise, lymphedema prevention, patient and diet education, and counseling or to usual care (patient education) approximately 4-12 weeks post-surgery. Randomization status was known only to the interventionist. Primary outcomes of physical function and health-related quality of life were assessed at 3-month intervals at clinical site visits, with the final visit occurring 18 months post-surgery. For participant convenience, the 15 month assessment were conducted by telephone interview. A secondary outcome assessment in RESTORE was arm volume, which was assessed for each arm by water displacement at each 3-month visit. The RESTORE trial was completed in 2007.
Intervention Participants randomized to the moderate, tailored exercise intervention began the RESTORE program with a Lymphedema Prevention Module (LPM) delivered by a trained, lymphedema-certified occupational or physical therapist. The LPM included instruction and care for the affected arm and hand to prevent lymphedema, awareness of signs and symptoms of lymphedema, and a lymphedema prevention video-taped tutorial of arm strengthening and lymph flow exercises adapted from American Cancer Society recommendations [16] . Each participant was asked to complete a survey to assess knowledge about lymphedema which was reviewed by the trained therapist. Following the initial LPM, the participants were scheduled to a 1-month follow-up to assess range of motion, strength, and weight resistance. Each participant was given an elastic compression sleeve with instructions to wear it preventively during exercise, heavy arm use, and air travel. Instructions on exercises to promote lymph flow consist of daily breathing techniques and gentle movement of neck and head techniques to improve lymph flow through gentle stroking of the neck, shoulder, arm, and hand. Repeat visits at 3 month (start of center-based exercise intervention) and 9 months (end of centerbased exercise intervention) were made to reinforce the lymphedema prevention skills and knowledge. The lymphedema education specialist contacted the participants by telephone 4-6 weeks after surgery to assess the use of the compression sleeve and reassessed participants at 3 months post-surgery.
Following initiation of the lymphedema prevention module, a center-based tailored exercise component was begun. Each participant was assigned two exercise sessions per week at the Wake Forest University Health and Exercise Science Clinical Research Center (CRC). The sessions were customized to meet baseline levels of strength and function. Each session included a 5-min aerobic warm-up, 30 min of moderate to somewhat hard walking on the rating of perceived exertion (RPE) scale [17] , 20 min of upper and lower body strength training using both hand weights and Nautilus plate-adjusted resistance machines, and 10 min of stretching. Participants were instructed to begin walking at a low level and to progress gradually by increasing their intensity. Staff members walked with participants during the walking phase to determine whether exercise prescriptions were appropriate, for feedback on participant's comfort, and to answer questions regarding the exercise prescription. The participants recorded total walking time, RPE, and number of laps walked on exercise logs, and they were instructed to maintain exercise logs for both center-based and homebased exercise.
Upon completion of baseline strength assessments, an initial weight (50% of established one repetition max) was assigned to each participant. Resistance exercises were started with 50% of established one repetition max for the first 1-2 weeks and weights were increased weekly by approximately 1-2.5 lbs on upper body exercises and 1-5 lbs on lower body exercises. The weight training equipment in the center was specifically designed for gradual progression and the plate-loaded machines included 1 lb increments for all upper body and core muscle groups and 1 lb (leg extension and leg curl) or 5 lb (leg press and calf press) increments for upper and lower leg exercises. Free weights (dumbbells) also provided increments of 1 lb for weights up to 10 and 2.5 lbs for weights above 10 lbs. The muscle groups targeted included muscles in the upper body (chest, upper back, shoulders, and arms) and lower body (upper leg and lower leg) and the core (lower back and abdominals). Once the participants were able to complete 12 repetitions of a specific weight for two consecutive exercise sessions, they were instructed to progress to the next appropriate weight.
Throughout the program, each participant was instructed to exercise at an individually prescribed pace, report any symptoms or problems they might encounter during exercise, and to rest as needed. An individual certified by the American College of Sports Medicine as an exercise specialist and by the American Heart Association for Advanced Cardiac Life Support led the exercise sessions. For the majority of participants, 20-30 min of exercise at a level of 14 to 16 on the RPE scale was well tolerated at the beginning of the exercise program. In order to increase the volume of physical activity, participants who were able to initially walk 30 consecutive minutes were encouraged to increase speed/distance as they progressed in the program, while keeping the duration at 30 min. A small number of participants were instructed to walk in 10-min increments, as 30 continuous minutes was too strenuous. Reasons for lower initial endurance and exercise duration included age and side effects of active treatment (radiation, chemotherapy and reconstructive surgery). As tolerated, these participants were instructed to lengthen the duration of exercise increments until one 30-min continuous walking session was achieved. All participants were able to achieve 30 min of continuous exercise within the first month of participation.
For the first 3 months of the intervention (intensive phase), participants were asked to attend two exercise sessions per week at the CRC. During months 4 through 6, the participants were given the option to transition to homebased exercise, with exercise sessions tapered to once per week at the CRC. Participants were educated on the ASCM-recommended physical activity guidelines (30 min of moderate intensity physical activity on most days of the week), and throughout the intervention, they were encouraged to either exercise at home or at a community center in addition to center-based exercise to meet these guidelines. During months 7 through 12, the participants were not required to attend supervised exercise sessions; however, if they chose to do so, they could continue exercising twice a week at the CRC. If the participant chose to exercise at home, the exercise specialist contacted participants via telephone on a monthly basis during this time to discuss adherence/barrier issues, answer exercise-related questions, and to modify exercise prescriptions as needed.
Usual care Participants randomized to usual care were given written information about lymphedema awareness and ACS prevention exercises and received a newsletter every quarter that included general tips about nutrition and physical activity. At the end of the study, the usual care group received feedback regarding their functional status and recommendations from a fitness specialist for improving their physical function and strength.
Measures Clinical data regarding cancer status and treatment were collected by chart review at baseline and updated at 12 months. Demographic information was collected at baseline. Assessed at baseline and 3, 6, 9, 12, and 18 months post-surgery were arm volume by water displacement against a demographic skin mark and the average of two measurements (volume of arm inserted-arm removed). The reliability of water displacement using trained operators and skin marks has been reported found to be very high (an intraclass correlation ≥0.95) [17, 18] . The primary outcome of function was assessed with the 6-min walk and HRQL with the Functional Assessment of Cancer Therapy-Breast Cancer (FACT-B) [19] . The 6-min walk test (6MWT) is a timed-performance test that instructs participants to walk as far as possible in 6 min on an established flat, indoor course. The participants are not provided feedback during the test. The FACT-B is a 44-item measure consisting of subscales assessing physical, social, and emotional wellbeing, functioning, relationship with doctor, and items specific to quality of life in breast cancer. Both the 6MWT and FACT-B have been widely used as measures of recovery from surgery and validated as sensitive and reliable outcome measures in cancer patients [19, 20] . The FACT-B was also assessed via phone call at the 15-month time-point. The Community Health Activities Model Program for Seniors was used to assess each participant's physical activity level. Frequency per week in moderate activities was calculated for all exercise-related activities. Secondary self-report assessments included the physical and mental health component scores of the MOS SF-12 general health measure, Ryckman's physical self-efficacy scale [21] , and a symptoms checklist.
Adherence Participants in the tailored exercise intervention arm received theory-based behavioral reinforcement consisting of individual sessions with a behavioral interventionist during the intensive phase and an ongoing monthly group troubleshooting session with other participants once the 3-month intensive phase was completed. The purpose of the group session was to discuss barriers and obstacles in implementing an exercise program and overcoming setbacks and relapses once an exercise program had been implemented. Participants were taught to monitor their progress using pedometers worn during the intervention period to record steps on a daily basis. They also recorded distance and time for walking and weight and number of repetitions for strength training. The participants in both groups received incentives for participation, such as t-shirts, notepads, and water bottles with the RESTORE logo. Adherence with the study testing visits was promoted by coordinating the scheduled assessment visit with the participants' oncologist visits. In addition, transportation was provided for participants who were otherwise unable to attend their scheduled visit. The participants with missed testing visits were contacted to determine the nature of the absence and to reschedule within a 2-week assessment window.
Statistical methods The goal of the statistical analysis was to estimate and test for differences in FACT-B scores, distance in the 6-min walk, and arm swelling between the intervention groups adjusting for patient characteristics and physical activity measures. Distributions over time were examined in graphical and univariate analyses. Repeated measures analysis of covariance was used to model outcomes over time [22] . Models were adjusted for baseline measurement, baseline affected arm volume, number of nodes removed during surgery, age at diagnosis, number of self-reported symptoms, baseline SF-12 mental and physical components scores, visit timing (linear and quadratic effects), and treatment group. Time was centered to avoid multicollinearity. Interactions of treatment group and time were not significant (all p>0.10); therefore, main effects of group and time were modeled on the post-baseline data. The modeling used a Toeplitz covariance structure to account for the correlation due to repeated measurements. Covariance patterns were allowed to differ by intervention group which provided better model fit. A two-sided p value<0.05 was considered statistically significant. All analyses were performed using SAS v9.1.3 (SAS Institute, Cary, NC).
Results
As shown in Fig. 1 , 423 women were identified as eligible; 104 (25%) agreed to participate and were randomized to the two study arms. During the study, 82 (79%) of the 104 randomized participants completed the RESTORE 18-month assessment visit. Those not completing the 18-month visit were more proportionately African-American (26% versus 7%; p=0.023) and obese (48% versus 22%; p=0.032); however, there were no differences in outcome measures between completers versus noncompleters (p>0.10). The primary reason stated for not completing the study was ascertained for 21 of 22 noncompleters and included: feeling overwhelmed or a lack of time to participate (38%), lost to follow-up (19%), lack of interest (10%), family issues (10%), death (n=2, 10%), and other reasons (10%). Participants' characteristics are shown in Table 1 . The age ranged from 32 to 82 years, with mean of 53.6 years, and participants were primarily Caucasian (88%). Approximately half (45%) of participants were employed full time. Body mass index (BMI) was ≥25 kg/m 2 in 71% of participants, among whom 28% were classified as obese (BMI >30 kg/m 2 ). The types of therapies for treating participants' breast cancer are described in Table 2 and are balanced between study arms. Approximately half (46%) of participants had breast-conserving surgery; most (79%) had axillary node dissection, 59% received chemotherapy, and 64% received radiation. A total of 39 adverse events were reported to the Data Safety and Monitoring Board and seven were classified as serious. Only two events were deemed by the medical monitor to be study related (pectoral muscle pain and stress fracture in foot). Table 3 includes the results of change in 6-min walk and FACT-B scores, adjusted for model covariates of baseline score, age, and clinical status. At baseline, the level of participation in physical activity (measured by pedometer steps) was positively correlated (p <0.05) with distance on the 6-min walk, r=0.54, and FACT-B total score, r=0.26 (data not shown). Participants in the exercise intervention group had significantly higher total distance (meters) walked for the 6-min walk at 18 months compared to usual care. The adjusted mean distances walked by group were 593.2 m (SE=13.0) and 558.9 m (11.8), respectively (p=0.0098). Mean FACT-B total scores were not statistically different by treatment group at 18 months, 115.8 (SD=1.6) for the treatment group and 114.4 (SD=2.5) for the control group (p=0.57). No significant effect modifiers or interactions with age or BMI were found. There were also no significant differences in the means of FACT-B subscales, adjusted for all model covariates. Table 4 , the effects of the intervention on swelling of the involved arm, as an indicator of lymphedema, are shown, based on mean change at 18 months compared to baseline. Adjusted mean change in arm volume measured by water displacement in the intervention group was 33.5 ml versus 60.4 in the control group (p=0.54).
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Adherence Overall, adherence in the RESTORE trial was very good with participants completing 71.2% of all prescribed exercise sessions with a range of 0-97%. With the majority (61%) of participants attending more than 75% of prescribed sessions and only 13% of participants attending less than 50% Fig. 1 Study flowchart of sessions, adherence goals were exceeded and supported the feasibility of an exercise program during treatment for breast cancer. As further evidence of treatment fidelity, mean physical self-efficacy, assessed by asking participants to rate their confidence in general physical abilities including strength, speed, and muscle tone [23] was significantly higher in the intervention group than controls at follow-up (p=0.03) and displays a cumulative increase during the intervention.
Discussion
RESTORE was a randomized, controlled trial testing the effectiveness of a combination of tailored center-based exercise and lymphedema prevention goals started within 4-12 weeks of surgery, versus usual care, to improve physical, social, and psychological well-being in women with early stage breast cancer. The RESTORE intervention was designed to increase physical function and fitness while controlling potential risk for lymphedema secondary to breast cancer treatment and surgery using a graduated and personalized exercise approach. Over the 18-month study assessment period, women receiving the intervention had increased physical function and showed improvement relative to controls. The magnitude of the treatment effect on gain in physical function of approximately 34 m between groups is modest or about 6% relative to controls. Oftentimes, a 10% improvement in functional tests is considered clinically relevant; however, the degree of improvement depends upon health and capacity for improvement. There was no significant effect of treatment on HRQL or on arm volume. To our knowledge, this is the first randomized trial to test the benefits of a combined exercise and strength training regimen with a lymphedema prevention component upon function and HRQL. The exercise program for RESTORE was developed to ensure participant safety by involving a slow progression from the baseline ability level of each individual to the level necessary for safe return to normal daily activity. Each exercise prescription was individualized to allow a participant to progress at her own pace, depending on her level of function. Walking was chosen as the method of cardiovascular training because of its safety for a broad range of function levels. Strength and range of motion was a major focus in RESTORE as it may become a common patient fear limiting resumption of daily roles. All upper body strength or range of motion activity was slow and controlled and did not require maximal effort.
RESTORE builds upon the related survivorship literature in three important ways. First, it reports clear evidence of the benefit and safety of a moderate intensity exercise program that is feasible to deliver in standard rehabilitation centers. The RESTORE results showing no apparent studyrelated lymphedema or arm swelling is consistent with a recent report by Schmitz et al. [24] of a trial of weight lifting in breast cancer. In the latter study, participants were enrolled at a mean of 36-46 months since diagnosis, leaving some question whether the timing of exercise resumption must wait several months for lymphedema risk to manifest itself as an exclusion for participation in upper body weight training. Importantly, RESTORE recruited patients directly from the surgeons' office, and thus, participants began the study at approximately 9 months from diagnosis. Second, RESTORE collected evidence often lacking in the literature on breast cancer and exercise on the internal validity of exercise interventions on a social cognitive level. Third, RESTORE results indicate that although upper body training and walking exercises are safe and beneficial to fitness, the incremental gains in the intervention group did not translate to improvements in a broad measure of health-related quality of life. In secondary exploratory analyses of related psychosocial measures (life satisfaction and positive affect), no intervention effects were likewise found.
Given that the RESTORE intervention was successfully received by participants and resulted in gains in physical function and self-efficacy for physical activity and exercise, lack of translation of improved function to an improvement in HRQL was unexpected. The study was designed with power to detect a clinically significant change of five points in FACT-B scores [25] , and based on other reports [26] [27] [28] [29] [30] [31] [32] , this was a reasonable goal. Possible explanations for the lack of a significant improvement in HRQL might include characteristics of the study population or the main focus of the intervention on resistance training and walking but not coping skills or social support. It is possible that women being treated for breast cancer who were motivated to enroll in RESTORE to promote HRQL also had lifestyles or social support that assisted in hastening the recovery process such as resumption of roles and coping with transitions. In addition, most participants had early stage disease, were white, not obese, and had at least a college education. Sixty percent were receiving adjuvant chemotherapy. Alternatively, perhaps key components of the HRQL measure, such as breast-related symptoms which preferentially improve with exercise [27] , were not perceived as a significant problem in these women. It is possible that either a longer period of follow-up or intervention duration is required to observe hypothesized greater declines in HRQL through loss of function in the usual care group versus maintenance or improved function in the intervention group. Alternatively, the FACT-B might not have been sensitive enough to detect change in HRQL in a sample already with a moderate to high level of HRQL at baseline [33] . However, a more general HRQL tool, the SF-12, also did not detect significantly improved wellbeing. Finally, a secondary post hoc analyses of adherence (assessed as weekly visit attendance) found that the latter did not moderate intervention effects on the study primary outcomes. That is, the differences for intervention versus control did not significantly depend upon level of adherence, adjusting for the other predictors in the modeling. Future studies should include multiple HRQL measures and longer follow-up to provide a clearer picture of the HRQL shifts and their relationship to exercise interventions. There are several limitations to consider in evaluating the main findings from RESTORE. First, we used a combination of upper body strength training, lymphedema prevention involving arm exercises and prophylactic use of compression sleeves, and walking for increased physical activity. Whether walking alone could have produced the benefit to fitness cannot be determined. Next, the evidence base for the use of a compression sleeve and stretching exercises on lymphedema risk is limited and not established. Also of importance, those in the intervention group had far greater contact with health care and exercise professionals. The increased interaction and socialization with others may have affected the positive outcomes observed in the intervention group. Finally, RESTORE was not designed to test whether our lymphedema prevention education module was effective as a standalone intervention component. Other reports find no adverse effect of exercise on lymphedema incidence or severity in ANCOVA analysis of covariance, SD standard deviation, SE standard error breast cancer survivors without the use of stretching exercises and sleeves [34, 35] . In the RESTORE trial, however, the adjusted increase in arm volume was numerically greater in the control group versus the intervention group (60.4 versus 33.5 ml), and standard error was large, which may have limited our ability to detect a statistically significant difference. Since exerciseinduced lymphedema is a concern [36] , further exploration is warranted and should be studied in patients who undergo full axillary dissection and/or axillary radiation, as they are at higher risk for lymphedema [35, 37] . In RESTORE, approximately three quarters of patients had sentinel node sampling as the only axillary procedure, for which the associated lymphedema risk is only 5-7% [38] . In summary, the RESTORE trial demonstrated that a multicomponent protocol of tailored exercise and lymphedema prevention instituted within 4-12 weeks of surgery can improve physical function without increasing risk of lymphedema. This is important because exercise has the potential to alleviate fatigue, decrease depression and anxiety, decrease weight gain and cardiovascular risk, and improve well-being [39] [40] [41] and major concerns for the growing population of breast cancer survivors [42] [43] [44] [45] [46] . Maintaining physical activity and function are now recognized as important positive prognostic factors in breast cancer survivors, independent of diet and body mass index [12, 13] . Since a minority of breast cancer patients attest to healthy eating and exercise behavior [47, 48] , it is of paramount importance that we find palatable and flexible healthy diet and exercise options for the great breadth of our patient's preferences.
